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OCG PERSPECTIVE
Contributing to Tumor Molecular Characterization
Projects with a Global Impact

My name is Nicholas Griner and | am the Scientific Program Manager for
the Cancer Genome Characterization Initiative (CGCI) in the Office of
Cancer Genomics (OCG). Until recently, | spent most of my scientific
career working in a cancer research laboratory.

TARGET PROGRAM HIGHLIGHTS

The Genomic Characterization of Philadelphia
Chromosome-Like Acute Lymphoblastic Leukemia
Reveals New Opportunities for Targeted Therapy

Acute lymphoblastic leukemia (ALL), a cancer of white blood cells, is the
most common malignancy in children and remains the most frequent
cause of cancer death in the US among persons younger than 20 years
oldl.

CTD? PROGRAM HIGHLIGHTS
Novel Neomorphic Mutations Engender Unexpected
Therapeutic Liabilities

The amount of cancer genomic data available to researchers is growing
exponentially. One major challenge that limits the integration of genomic
findings into patient care involves differentiating driver mutations that
confer growth or survival advantage on cancer cells from random
passengers that are functionally neutral.

EXPLORING CANCER GENOMES
Analysis of Context-Specific Gene Dependencies for
i, Target Discovery

Zeroing in on therapeutically relevant information in the flood of large-
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scale genomics data and translating it for clinical applications is an
important goal for cancer research.

FEATURED RESEARCHERS

Insight From Across the Globe: Sarah Gerdts and
Constance Namirembe Discuss How Molecular
Characterization Studies are Improving Cancer Care in

=/ Uganda

Burkitt Lymphoma Genome Sequencing Project (BLGSP) and HIV+ Tumor
Molecular Characterization Project (HTMCP) are two Office of Cancer
Genomics initiatives within the Cancer Genome Characterization
Initaitive that are characterizing the genetic events that drive Burkitt
Lymphoma and
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My name is Nicholas Griner and | am the Scientific Program
Manager for the Cancer Genome Characterization Initiative (CGCI)
in the Office of Cancer Genomics (OCG). Until recently, | spent most
of my scientific career working in a cancer research laboratory. In
_ my postdoctoral training, my research focused on identifying novel

‘_ﬁ pathways that contribute to both prostate and breast cancers and

\\\\ studying proteins within these pathways that may be targeted with

cancer drugs. As my postdoctoral fellowship came to a close, |

decided to pursue a position at the interface between research and clinical outcomes
with more direct applications towards treating cancer patients. A job opening in OCG
offered me this unique opportunity, and | started my position in December 2013. As
CGCI program manager, | oversee two major molecular characterization projects: the
Burkitt Lymphoma Genome Sequencing Project (BLGSP) and the HIV+ Tumor
Molecular Characterization Project (HTMCP).

Both BLGSP and HTMCP share the similar goal of genetically characterizing a large
number of tumors to delineate between different tumor subtypes. BLGSP was
initiated in 2010 by the National Cancer Institute (NCI) in collaboration with the
Foundation for Burkitt Lymphoma Research. Burkitt Lymphoma (BL) is a blood cancer
that arises from white blood cells called B-cell lymphocytes and affects mostly
children and young adults from equatorial Africa. OCG and NClI’'s Office of HIV and
AIDS Malignancy created HTMCP to compare genetic changes in tumors of the same
organ from HIV+ and HIV- patients. HTMCP researchers are studying the most
common malignhancies associated with HIV infection: diffuse large B-cell lymphoma
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(DLBCL), cervical cancer, and lung cancer. BLGSP and HTMCP will generate a central
data repository that will be accessible to the research community and include
molecular characterization data from tumors and normal tissue and clinical data. For
all data shared through the repository, patient privacy and confidentiality will be
protected. The tumors studied in these projects afflict patients in countries around
the world, and are particularly prevalent in African countries. Therefore, the findings
may inform specific clinical treatments for patients across the globe.

When | entered my role as program manager, | quickly learned that standardizing
protocols for tissue accrual and processing is critical for generating the quality of
data necessary to establish successful data repositories for large-scale genome
projects. For molecular data to be effectively analyzed, every tumor sample must be
treated in a similar manner. This standardization is achieved by having technical
requirements for each step of the process, which starts when patients agree to
participate in the study and continues through the time when tumor samples are
acquired and subsequently sent for sequencing. For example, accurate clinical data
and patient consent information must be associated with each sample. Also, before
samples are sent for sequencing, rigorous pathology tests are performed to confirm
tumor tissues are qualified to enter the project. To read additional details about the
steps involved in the tissue collection and annotation processes, visit e-News Issue
12 2.

To ensure that each tumor sample in the study is treated similarly, | work closely
with a biospecimen core resource (BCR). The Research Institute at Nationwide
Children’s Hospital (NCH) represents one BCR that performs standardized tasks, such
as clinical data tracking and pathology review, for both BLGSP and HTMCP. | had the
great opportunity to observe these processes first-hand when | visited NCH and
interacted with a team headed by Dr. Julia Gastier-Foster. While visiting NCH, Dr.
Gastier-Foster’s team provided a tour of their facilities and taught me about NCH’s
tissue collection and processing procedures. This opportunity proved to be an
invaluable experience for understanding the steps and attention-to-detail needed for
these projects to function properly.

While organization and communication skills were necessary for my previous career
as a research scientist, these skills are even more essential for my current job
because of the highly collaborative nature of the projects | manage. Daily, |
communicate with project team members from many institutes around the US and
the world to track the progress of samples and convey the importance of carefully
following protocols. To help with this, | organized the details surrounding tumor
accruement and processing into easily digestible formats to better coordinate
activities among the dozens of institutes and investigators involved in HTMCP and
BLGSP. | designed project-specific flowcharts outlining the critical procedural steps
that each project entails, re-organized tracking spreadsheets, and updated Standard
Operating Procedures (SOPs), which outline detailed protocols for accruing and
processing tumor samples. By carefully tracking the steps involved in tissue accrual
and processing, and making sure other team members are also monitoring these
steps and following SOP guidelines, we eliminate variables that may cause
confounding results later in the process when molecular data are compared. These
efforts will increase the likelihood that scientific discoveries, and potential new
treatment options for patients, can be derived from the collected sequencing and
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molecular data.

One exciting aspect of BLGSP and HTMCP is their potential to have an impact on
patients around the globe. For both projects, | am coordinating with clinical sites
throughout the world to acquire tumor and normal tissues for analyses. Many of these
sites are in third world countries because of the abundance of BL and HIV-related
tumor cases in under-developed areas. The global aspect of these projects presents
various challenges, which are mostly related to the lack of resources at these sites.
Most hospitals and clinical sites in third world countries do not have the tools or
personnel to collect tissues according to the projects’ SOPs. Proper training and
tremendous efforts from many individuals are required for these clinical sites to
function properly. Fortunately, BLGSP and HTMCP have provided this training and
infrastructure with the help of investigators in the United States and many on-site
project team members. In fact, two on-site members at the Uganda Cancer Institute,
Sarah Gerdts and Constance Namirembe, are interviewed in this e-News issue 3. The
outcome from these efforts will help improve the timing and accuracy of cancer
diagnosis and provide data that can be used to develop clinical tools to address
specific disease variants present in these countries.

Now is an exciting time to be involved in these large-scale sequencing projects
because of the vast amount of data produced from these studies. Information from
these studies will allow us to identify somatic changes that help distinguish between
different cancer subtypes of BL as well as different characteristics of tumors in HIV+
versus HIV- patients. Hopefully, in the long term, these discoveries will reveal genetic
targets that can ultimately be used for improved patient treatment.
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TARGET PROGRAM HIGHLIGHTS

The Genomic Characterization of Philadelphia
Chromosome-Like Acute Lymphoblastic Leukemia
Reveals New Opportunities for Targeted Therapy

Stephen P. Hunger, M.D. and Charles G. Mullighan, M.D.

Acute lymphoblastic leukemia
(ALL), a cancer of white blood
cells, is the most common
malignancy in children and
remains the most frequent cause
of cancer death in the US among
persons younger than 20 years

old!. Cure rates have improved
dramatically for children with
ALL over the past several
decades; 5-year survival rates
now exceed 90% and long-term

Source: Louise-Anne Geddes via Creative cure rates remain above 85%?2.
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Commons. However, survival rates have
been shown to decline as patient
age increases. For those ages 20-29.99 years, the 5-year and 10-year overall survival

rates are only 44.8% and 30.8%, respectively3. Despite higher cure rates, 15 to 20%
of children eventually relapse. Additionally, current chemotherapy regimens used to
treat children with ALL can have many short- and long-term side effects. These
include severe problems such as developmental delays, infertility, and secondary
cancers. Understanding the genomic changes that drive ALL can lead to the
development of new, targeted treatments that reduce toxicity and improve survival
rates, especially for patients afflicted with ALL subtypes that have poor outcomes.

Philadelphia chromosome-like (Ph-like) ALL is one such subtype associated with poor
outcomes in both children and young adults. Five years ago, our ALL Project team,
consisting of collaborators from the Children’s Oncology Group (COG), St. Jude
Children’s Research Hospital, and NCI’'s Therapeutically Applicable Research to
Generate Effective Treatments 141 (TARGET), identified this ALL subtype; an

independent group led by Monique den Boer also published similar findings*?>. Ph-like
ALL got its name because it has a gene expression profile similar to another subtype,

Philadelphia chromosome-positive (Ph*) ALL. Ph* ALL is characterized by the
presence of the “Philadelphia chromosome,” the result of a translocation between
chromosomes 9 and 22. This translocation also forms a fusion between two genes,
breakpoint cluster region (BCR) and Abelson murine leukemia viral oncogene
homolog 1 (ABL1), called BCR-ABL1. The resulting oncogenic protein drives cancer
proliferation and survival through aberrant tyrosine kinase signaling. This
oncoprotein can be effectively targeted with tyrosine kinase inhibitors (TKI),

providing a treatment option in addition to standard chemotherapy for Ph* ALL

patients. Ph-like ALL lacks the characteristic BCR-ABL1 fusion that defines Ph* ALL.
However, in 2012 our molecular analyses of 15 children with Ph-like ALL uncovered
rearrangements or sequence mutations deregulating tyrosine kinase signaling in all

15 cases®, suggesting TKI therapy as a potential treatment option for patients with
Ph-like ALL as well.

We recently expanded these observations by performing genomic profiling of 1,725
children, adolescents and young adults between the ages of 1-39 years with

precursor B-cell ALL, the most common subtype of B-cell lineage ALL’. From this

cohort, or group of patients, 264 (15.3%) had Ph-like ALL8. We showed that the
prevalence of Ph-like ALL increases with age and that the older age groups,
adolescents and young adults, have inferior outcomes (Table 1). Among all age
groups studied, Ph-like ALL was an independent adverse prognostic factor.

Table 1. Prevalence and survival outcomes among patients with Ph-like ALL

Age Gro Prevalence of ?r::a; E‘\:?\?atl-
9 up Ph-like ALL u

Rates

5 Year Overall
Survival Rates
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Children, low risk ALL 10% * *

(ages 1-9 years) Prevalence of 5 Year Ev<_ant-

Age Group Ph-like ALL free Survival
Rates

5 Year Overall
Survival Rates

Children, high risk ALL

(o) o) o

(ages 10-15 years) 13% 58% 73%
Adolescents o . .

(ages 16-20 years) 21% 41% 66%

Young Adults 27% >49% 69

(ages 21-39 years)

* Data not available

We genomically characterized 154 Ph-like ALL cases using transcriptome, whole
genome and/or whole exome sequencing. Genomic alterations that activate kinase
signaling were present in 91% of those cases. The alterations discovered were
broadly grouped into five classes:

e Chromosomal rearrangements s; that result in overexpression of cytokine
receptor-like factor 2 (CRLF2) in about half of the Ph-like ALL cases, and
activating point mutations i in Janus kinase 1 (JAK1) or Janus kinase 2 (JAK2) in
half of the cases with CRLF2 rearrangements

e Rearrangements that resulted in expression of chimeric fusion genes 1 that
retain the C-terminal region of ABL1 class genes (Table 2)

e Chimeric fusions of JAK2 (Table 2) or erythropoietin receptor (EPOR)
rearrangements?

e Diverse range of mutations and deletions that activate JAK-Signal Transducer
and Activator of Transcription (JAK-STAT) signaling

e Ras pathway alterations and several rare gene fusions, including some cases
with hypodiploid s1 ALL

Interestingly, JAK2 fusions were more common in young adults and ABL class fusions
were more frequent in children, although confirmation with a larger patient cohort is
required.

Table 2. ABL class tyrosine kinase fusions identified to date in Ph-like ALL
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Kinase Gene Potential FDA-approved # Fusion # Cases
TKI Partners
ABL1 Imatinib/dasatinib/nilotinib 12 29
ABL2 Imatinib/dasatinib/nilotinib 3 4
Colony stimulating factor - T
1 receptor (CSFIR) Imatinib/dasatinib/nilotinib 2 2
Platelet derived growth
factor receptor beta Imatinib/dasatinib/nilotinib 5 13
(PDGFRB)

CRLF2 Ruxolitinib? 2 many

JAK2 Ruxolitinib 13 19

EPOR Ruxolitinib? 2 9

The numbers refer to those our group has identified in published®® and unpublished
(Reshmi, Roberts and others) studies.

These findings have implications that may be relevant to treating Ph-like ALL patients
that are positive for these genetic changes. Cell lines harboring the JAK2 fusions and
EPOR rearrangements were highly sensitive to the JAK2 inhibitor, ruxolitinib (Table 2).
The ABL class fusions were sensitive to ABL class inhibitors, imatinib and dasatinib
(Table 2), two TKIs that have revolutionized the treatment of chronic myeloid

leukemia 97 (CML) and Ph* ALL. Many patients with Ph™ ALL can be cured with

chemotherapy plus imatinib or dasatinib11:12, and there are multiple case reports of
dramatic clinical responses to these inhibitors in children with Ph-like ALL and ABL

class fusions as well13-14 (Figure 1). This suggests using imatinib and dasatinib to
treat a broader group of patients with these subtypes of ALL may be beneficial. Our
group has commenced prospective genomic testing in ALL patients with poor
response to induction chemotherapy or clinical features suggestive of Ph-like ALL
including abnormal cytogenetic 51 results, or high initial white blood cell count. Of
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those tested, 24 of 28 (80%) cases had Ph-like ALL, and 22 of these cases had a

targetable kinase fusion, including 16 with ABL class fusions8. TKI therapy was
started in 12 cases, and follow-up data from 11 of these cases shows rapid and
sustained responses.

| ETiY 4

Figure 1. A young Ph-like ALL patient was treated with the TKI drug imatinib and had
a favorable outcome. He is pictured here with his oncologist. (This picture has been
used with permission of the patient’s family).

We are also implementing plans to screen for Ph-like ALL in all patients enrolled in
the COG AALL1131 clinical trial for high-risk ALL (about 800 patients/year). Low-
density arrays, or genomics tools that provide genotype and gene expression
information, will be used to identify patients with the Ph-like ALL subtype. Positive
samples will be tested for known kinase alterations in Ph-like ALL, and patients with



ABL-class fusions will be eligible to have dasatinib added to their chemotherapy
regimens. We will compare the outcomes of patients identified prospectively and
treated with chemotherapy plus dasatinib to the outcomes of patients identified
retrospectively and treated with chemotherapy alone. This trial, which is possible
because of generous funding from St. Baldrick’s Foundation and the Leukemia &
Lymphoma Society, with supply of dasatinib by Bristol Myers Squibb, is projected to
be implemented by mid-2015. It is likely that additional Ph-like ALL patients will also
benefit from TKI therapy (for example, using ruxolitinib to target JAK2 fusions) and a
clinical trial testing that approach is being developed.

These promising clinical approaches are particularly relevant to improving outcomes

in young adults with ALL, 25% of whom have Ph* ALL and a similar Ph-like ALL. When
the TARGET ALL project was initiated, the goal was to identify high-risk subsets of
leukemia that might benefit from new therapies; it is particularly rewarding to see
that vision coming to fruition.
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CTD? PROGRAM HIGHLIGHTS

Novel Neomorphic Mutations Engender Unexpected
Therapeutic Liabilities

Lydia W.T. Cheung, Ph.D. and Gordon B. Mills, M.D., Ph.D.

The amount of cancer genomic data
available to researchers is growing
exponentially. One major challenge
that limits the integration of genomic
findings into patient care involves
differentiating driver mutations that
confer growth or survival advantage on
cancer cells from random passengers
that are functionally neutral. Discovery
of cancer drivers and knowledge of
their functional consequences can
Source: Image adapted via Creative CommonsProvide insight into the biology of

tumor development, reveal new

avenues for targeted therapy
development, and guide patient stratification. Driver mutations can be categorized as
hypomorph (decrease in function), hypermorph (increase in function), and the less
common neomorph (gain of novel function). Algorithms may predict hypomorphic
and hypermorphic mutations and their functional consequences. Neomorphs,
however, require direct experimental determination because they are challenging to
identify and their functions are largely unpredictable.

Our Cancer Target Discovery and Development (CTD?) Network Center developed a
scalable functional genomics pipeline for identifying and characterizing cancer
drivers n. It is supported by several high-throughput platforms:
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e Sensor cell screening platform that assesses whether a particular gene, or loss
of a gene, promotes cell survival and therefore has driver activity

e Drug screening platform to identify therapeutic vulnerabilities in known signaling
pathways

e Assays called reverse phase protein arrays (RPPA) that evaluate signaling
pathway activity

These approaches allow us to identify drivers, elucidate their functional
consequences, and determine whether they engender therapeutic liabilities that may
be leveraged to improve patient outcomes. We recently used components of this

pipeline to identify a subset of PIK3RI mutations as neomorphicl.

PIK3R1 is the 11t most frequently mutated gene across all cancers, and mutations
are particularly common in endometrial and colon cancers. The neomorphic

mutations we recently described, including PIK3R1R348* and neighboring truncation
mutations, represent the most common recurrent PIK3R1 mutations and account for
about 10% of all PIK3R1 mutations in endometrial and colon cancers. The PIK3R1
gene encodes p85a, which regulates class 1A phosphoinositide 3-kinase (PI3K). PI3K
signaling influences a variety of cellular functions, including growth, differentiation
and survival. Leading into our study, we knew that mutations in other regions of
PIK3R1 had hypomorphic activity that lead to hyperactivation of the PI3K pathway.

We wanted to learn how PIK3R1R348" and surrounding mutations drive tumor
initiation and survival.

We screened PIK3R1R348% expressing cells against a library of “informer” therapeutic
compounds that are currently being used in the clinic or clinical trials. In this
platform, drugs that cause cell death provide insight as to which pathway a particular
driver is acting on. Additionally, drugs that show favorable results may be potential
treatment options for patients whose tumors have the mutation. Similar to other

mutants in the PI3K pathway, PIK3RIR348* conferred sensitivity to a subset of PI3K

pathway inhibitors. To our surprise, PIK3R1R348" also rendered cells sensitive to
inhibitors of mitogen-activated protein kinase kinase (MEK) and c-Jun N-terminal
kinase (JNK), which are components of the mitogen-activated protein kinase (MAPK)

pathways. This effect was specific to PIK3R1R348% cells with wild-type p85a and other
p85a mutations were not sensitive to MAPK inhibitors.

To determine a mechanism for how PIK3R1R348" results in sensitivity to MAPK
inhibitors, we turned to our platform for analyzing signaling activity. RPPA revealed
activation of extracellular signal-regulated kinase (ERK) and JNK signaling cascades,
suggesting that aberrant MAPK pathway activation underlies the unexpected drug

sensitivity (Figure 1). We injected endometrial cancer cells expressing PIK3R1R348" or

ovarian cancer cells harboring the R348*-neighboring mutation, PIK3R1-370S into
mice to model tumor development. Using these xenograft models, we recapitulated
pathway activation and demonstrated that MAPK inhibitors decreased xenograft
tumor growth. These findings suggest that truncation mutations within this region
have the same functional impact and may be relevant clinically.
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Figure 1: In the absence of an external signal, PB5aR348* activates MAPK signaling
(1) through B-Raf, a protein normally activated by RAS signaling, which initiates the
MEK signaling cascade; and (2) through a multi-protein complex that activates JNK
signaling in the nucleus. The phosphorylation status (represented by “p”) was
determined by RPPA and indicates protein activity.

A major challenge surrounding targeted therapy is drug resistance, which occurs
when the cancer cells circumvent the effects of targeted inhibitors. Drug resistance
can either be intrinsic or acquired, and is due to the ability of cancer cells to activate
compensatory signaling pathways to bypass drug-mediated inhibition. For example,
therapeutic inhibition of the MAPK or the PI3K pathway individually may be ineffective
because either pathway can compensate for the other due to each pathway’s
reliance on the other. Additionally, co-activation of PI3K and MAPK pathways is
common in cancers. In some tumors, these pathways are co-activated by mutations
in Kristen rat sarcoma viral oncogene homolog (KRAS). Our data suggest that

PIK3R1R348* or neighboring mutations also co-activate the PI3K and MAPK pathways
in a subset of endometrial and colon cancers. Therefore, inhibition of both pathways

may be required to avoid development of resistance and achieve optimal treatment
responses.

Although our results suggest that MAPK pathway inhibitors should be considered for

patients with PIK3R1R348" or neighboring mutations, the effects of PI3K pathway
inhibitors alone or in combination remain to be addressed in tumors with these
particular mutations. Currently, the combinatorial approach of MEK and PI3K pathway
inhibition is being assessed in several clinical trials for colon and endometrial
cancers. Previous studies have shown that mutations in RAS and PI3K pathway
proteins co-occur in these cancers. Therefore, to optimize trial design, RAS and/or
PI3K pathway mutation status in tumors of the patients enrolled in these trials, along



with the risk of increased toxicity that comes along with combination therapy, will
need to be taken into consideration.

Our discovery of the p85a neomorphic activity shows that each mutation in a given
gene may have a different functional impact on downstream signaling and lead to
varying responses to clinical therapeutics. Therefore, it may be necessary to
functionally annotate every mutation within each candidate gene in order to
effectively implement precision medicine.
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EXPLORING CANCER GENOMES

Analysis of Context-Specific Gene Dependencies for
Target Discovery

Seungchan Kim, Ph.D., Jeff Kiefer, Ph.D., Darren Finlay, Ph.D., Harshil Dhruv, Ph.D., Kristiina Vuori,
M.D., Ph.D., and Michael Berens, Ph.D.
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Source: Adapted image from work by Titz B, Rajagopala SV, Goll J, Ha"user R,
McKevitt MT, et al. via Creative Commons

Zeroing in on therapeutically relevant information in the flood of large-scale
genomics data and translating it for clinical applications is an important goal for
cancer research. The identification of clinically actionable information has been
limited by a reductionist focus on individual genes and interactions rather than on
broad genetic interaction networks. Systems approaches, including those supported
by the National Cancer Institute’s Cancer Target Discovery and Development

n2(CTD?) Network, are now being developed to provide a more holistic understanding
of dysregulated genetic interaction networks in cancer. Among such strategies are
network-based approaches that can be used to classify tumors and identify
differential gene dependencies, which arise when gene expressions are inter-
dependent in a context-dependent manner. Identifying gene dependencies that are
unique to different subsets of tumors could lead to novel, actionable therapeutic
targets for preclinical analyses. In this article, we describe three studies where we
apply network-based approaches to gene expression data from the most common
malignant brain tumor, glioblastoma multiforme (GBM). Through these analyses, we
(1) more finely subdivided GBM subtypes, (2) revealed gene dependency networks
that are specific to each of the four previously defined GBM subtypes, and (3)
identified a “druggable” pathway uniquely dysregulated in one of these four
subtypes.



https://ocg.cancer.gov/programs/ctd2

Vignette 1: Unraveling molecular contexts

We recently developed a novel computational method to classify tumors into
“molecular contexts.” This approach utilizes a mathematical model to identify

changes in gene expression patterns that occur across different subsets of samples!-

3. Here is a simplified example: the expression of a gene set may be compared
across 100 samples. The expression pattern may remain unchanged, except in 20 of
the samples where expression of a gene(s) influences major changes in expression
patterns of a significant number of genes. These so-called dependencies for those 20
samples are considered a “context motif”. When looking at a large number of gene
sets across many samples, algorithms can group context motifs into molecular
contexts. We applied our method to the GBM gene expression data from The Cancer

Genome Atlas (TCGA)# and identified twelve distinct molecular contexts (Figure 1).
These molecular contexts were then investigated to determine whether they confer
any clinical characteristics, such as drug response and association with survival. More
detailed characterization studies are ongoing to determine how the differences
between these twelve molecular contexts may be exploited to develop more precise
treatments.
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Figure 1: Workflow to identify molecular contexts and assess clinical utility. Step 1:
Gene expression data is interrogated to identify context motifs. Context motifs are
conditional dependencies that occur when expression of a gene influences or
changes the expression status of multiple genes for a particular set of samples. Step
2: Context motifs are joined together to construct a context motif graph. Step 3: A
graph-clustering algorithm groups context motifs into molecular contexts. Finally,
each molecular context is assigned to a previously defined GMB subtype and
interrogated for its translational utility using readouts such as drug response or
survival.
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Vignette 2: Revealing subtype-specific gene dependencies

Determining molecular interactions specific to cancer subtypes or other cancer-
specific conditions (e.g., mutation status of a gene) can provide a more
comprehensive understanding of the disease. For this analysis, we developed a
network-based method that maps cancer-generic and subtype-specific transcriptional
dependencies between contextual gene sets. These are sets of genes with similar
expression patterns across a subset of samples. We used this method to analyze the
TCGA GBM gene expression data and constructed a contextual gene set dependency
network comprised of 247 contextual gene sets and 296 dependencies (Figure 2;
gene sets are represented by the small filled circles called “nodes” and
dependencies are denoted by the lines connecting them). The network map, once
constructed, identified dependencies that were associated with generic GBM (Figure
2A) and others that were specific to each of the four GBM subtypes (Classical, Figure
2B and C; Mesenchymal, Figure 2D; Proneural, Figure 2G and F; and Neural, Figure
2E). Dependencies specific to other conditions, including Epidermal Growth Factor

Receptor (EGFR) mutation status, O®-methylguanine-DNA-methyltransferase (MGMT)
methylation, and patient age <40 years, were also identified (Figure 2H, |, ], K, L, M

dashed gold boxes)4.
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Figure 2: The GBM contextual gene set dependency network. The contextual gene
sets under-expressed across their corresponding conditions are green and over-
expressed contextual gene sets are red.
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Vignette 3: Discovery of subtype-specific targets

There have been numerous efforts to compare differential dependencies across
tumor subtypes to identify subtype-specific targets. Most of the methods developed
to uncover differential pathway dependencies and gene interactions focus on

individual interactions®-8 or condition-specific sub-networks?-12. Often, these
methods fail to account for underlying redundancy in biological processes, such as
two genes performing the same cellular function. There is also uncertainty in data
that are used to assess the likelihood of a gene dependency network that are due to
the inherent effects of the technologies used to generate it. To address these
shortcomings, we developed a novel network-based algorithm, EDDY: Evaluation of
Differential DependencY. EDDY uses a probabilistic approach that more reliably

identifies differential patterns of pathway dysregulation between tumor subtypes3.

EDDY was used to analyze the GBM gene expression data from TCGA and identified
10-22 gene sets specific to each subtype. When comparing the Proneural gene set to
those of other GBM subtypes, EDDY identified dependencies that were uniquely
Proneural, even though traditional gene expression analyses did not show differential
expression for the subset of dependencies identified by EDDY (Figure 3A). This
implies that the dependency relationships between genes can be significantly
different across subtypes even when the overall expression of individual genes is not
clearly different.

Using EDDY, we found that dysregulation of the G2 checkpoint pathway genes was
unique to Proneural GBM (Figure 3B). The G2 is a DNA damage checkpoint, during
which cells ensure that DNA has been properly replicated before they proceed with
cellular division. In the Proneural subtype, G2 checkpoint pathway dependency was
also linked to enrichment of mutations in TP53, a tumor suppressor and cell cycle
regulator (Figure 3B). WEE1 kinase plays a critical role in G2 checkpoint regulation,
so we tested the ability of the WEE1 kinase inhibitor, AZ1775, to inhibit growth of in
vitro GBM patient-derived xenograft cell lines with Proneural context and known TP53
status. Interestingly, TP53 mutant GBM cells showed higher sensitivity to WEE1
inhibition as compared to TP53 wild-type GBM (Figure 3C). Understanding this
differential dependency network may provide insight as to what mechanisms
underlie vulnerability in TP53 mutant GBM and therapeutic resistance in TP53 wild-
type GBM.
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Figure 3: EDDY was used to analyze differential dependencies in GBM. (A) A subset
of genes that EDDY identified did not show differential expression between Proneural
and non-Proneural GBM subtypes. (B) Differential dependencies in the G2 checkpoint
pathway were identified between Proneural and non-Proneural GBM subtypes. (C) In
vitro cultures of xenografts derived from GBM patients show differential sensitivity to
AZ1775. Sensitivity is dependent on mutation status of TP53 (TP53 wild-type is not
sensitive). Mutated TP53 is a genetic characteristic of the GMB Proneural subtype.

The three studies described above provide examples of how network-based
applications can be used to uncover differential gene dependencies associated with
GBM subtypes. In the future, we hope to expand our analyses to additional cancers in
large-scale genomic data repositories such as TCGA. Using these novel network-
based approaches to analyze the wealth of genomic and clinical data available
through TCGA may lead to the discovery of novel classifiers and drug vulnerabilities
to ultimately benefit cancer patients.
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FEATURED RESEARCHERS

Insight From Across the Globe: Sarah Gerdts and
Constance Namirembe Discuss How Molecular
Characterization Studies are Improving Cancer Care in
Uganda

Sarah Gerdts and Constance Namirembe
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el that are characterizing the
genetic events that drive Burkitt
Lymphoma and tumors in HIV+
patients, respectively. These
malignancies are common in
African countries, so the National
Cancer Institute (NCI) is partnering
with the Uganda Cancer Institute
(UCI) to help these projects move
forward successfully. Sarah Gerdts
and Constance Namirembe are
project team members that work at
UCI. They help build a bridge
between UCI and NCI, and are

instrumental in obtaining tumor samples for these large-scale genome

characterization projects.

After earning a Master’s degree in Public Health from the University of Wisconsin,
Sarah’s interest in global health inspired her to leave the United States and pursue
career opportunities in Uganda. As the Research Operations Manager of the Uganda
Cancer Institute-Hutchinson Center Cancer Alliance (UCI-HCCA), she is currently
overseeing HTMCP and BLGSP. Constance, a former midwife and a Uganda native, is
a registered comprehensive nurse and the Study Coordinator for HTMCP and BLGSP.
Together, she and Sarah perform the daily operational tasks required to ensure tumor
samples are properly obtained and processed. In the following interview, Sarah and
Constance describe their work at UCI and the ways these projects are already
improving cancer care in Uganda.


https://ocg.cancer.gov/programs/cgci

Constance Namirembe (left) and Sarah Gerdts (right), standing together at the
Uganda Cancer Institute

What career paths brought you to your current positions?

Sarah: | came to Uganda 3 years ago to start a clinical care project at UCI. The
project’s goal was to improve outcomes for kids with Burkitt Lymphoma, a common
pediatric cancer in this region. While that project was ongoing, | helped initiate the
HTMCP and BLGSP studies at our research site. As part of that process, | interviewed
Constance for the role of Study Coordinator and knew right away that she would be a
great asset to our team. Constance has a strong background in clinical research and
prior experience in regulatory affairs and quality assurance. She demonstrates a
maturity that makes her an excellent leader and a vital member of our team.

Constance: Immediately after my nursing training, | worked as a midwife in charge of
the Public Health department at Rubaga hospital, one of the non-government
organization hospitals in Kampala. | then served as an Associate Regulatory
coordinator at the National Institutes of Health clinical research site in Kampala
before becoming the Study Coordinator for HTMCP and BLGSP in February 2014.
Cancer is ranked among the top 5 non-communicable killer diseases in Uganda, so |
am truly fulfilled by contributing to efforts aimed at improving cancer prevention,
early detection, and treatment.

What are your job responsibilities and contributions to the HTMCP/BLGSP
projects?

Sarah: | oversee the local project management duties of HTMCP and BLGSP. Working
with our co-investigators and research team here in Uganda, we lay the groundwork
for these studies by setting up relationships with surgeons and clinics in clinics and
hospitals around Kampala, so that they can refer patients to UCI for enrollment in the
projects. Establishing these surgery and referral contacts was no small task. Contacts



were initially made through our on-site principal investigator and director of the UCI,
Dr. Jackson Orem, as well as our on-site co-investigators, Noleb Mugisha and
Abraham Omoding. Together, we gave presentations at other hospitals, sent letters,
and organized many follow-up meetings. Now that these relationships are
established and samples are actively being accrued, | track the project deliverables,
plan specimen shipments, oversee data quality, and troubleshoot challenges that
arise.

Constance: | coordinate the day-to-day operations of the HTMCP and BLGSP projects
and supervise a team of seven study staff. My duties involve planning and managing
patient recruitments and biopsy procedures, collecting demographic and clinical
data, supervising the informed consent process, and ensuring that all research
processes meet ethical standards.

Why is the collaboration between the United States and the Uganda Cancer
Institute so important? What broad implications does it have for cancer
research?

Sarah: We have a large number of HIV-infected cancer patients at UCI, so the
collaboration between NCI and UCI is increasing the number of tumor samples
available for HTMCP and BLGSP. By studying genetically diverse populations, such as
those in Africa and the US, cancer research will be advanced because comparing the
molecular profiles of various populations helps researchers identify common and
unigue mutations. For example, these studies may show clinical or molecular
differences in the Uganda tumor samples compared to the US samples. Ultimately,
Ugandans will also benefit from this collaboration. The research is building a
knowledge base about cancer types that are common here in their country. This
information is essential for understanding the underlying mechanisms of these
cancers and may inform better treatment in the future.

Constance: Through my experiences, | have observed that many cancer patients
present with late stage disease. There seems to be knowledge gaps among the
population about the early signs and symptoms of cancer, so through these projects,
we are educating health care workers about how to communicate potential signs and
symptoms to patients, so patients can better understand and spread this knowledge.

What are the biggest challenges you’ve experienced in gathering tissue
samples for BLGSP and HTMCP, and how have you overcome those
challenges?

Sarah: One of the biggest challenges in Uganda is the pathology diagnosis of patient
samples. Tumor pathology in Uganda is limited by the unavailability of tests
necessary for accurate and rapid diagnoses. This makes determining which tissue
samples to send to the US for further analyses difficult. It is also very confusing and
frustrating for the patients and clinicians, because problems with diagnoses can
cause specialized cancer treatment to be delayed or not provided at all. This has led
to poor treatment outcomes or patients abandoning treatment altogether. To face
this problem, the HTMCP and BLGSP pathology reports are shared with the UCI
clinicians, who compare the local pathology reports with the HTMCP and BLGSP
pathology reports. The projects and the patients both benefit from this comparison,
as it may lead to changes in practice and allocation of funds that can improve the



process of proper diagnosis. Another challenge that we have experienced is enrolling
the cancer patients in the study before their diagnostic biopsies. This is problematic
because the biopsies happen in many different hospitals, clinics, wards, and clinic
rooms, and if patients are not enrolled, then we cannot collect their biopsies. We
have addressed this challenge by engaging many active referral sources to gather
participants for these studies.

What personal goals would you like to achieve through your work at the
Uganda Cancer Institute with HTMCP and BLGSP 17?

Sarah: | believe my personal goals and the goals of HTMCP and BLGSP are one in the
same: to improve cancer care in the community. As part of our project recruitment
efforts, the project management staff members have visited some of the large HIV
treatment clinics around Kampala to help patients join our studies. We are also
sharing the US-derived pathology lab results with the UCI clinicians, a process that
has emphasized the importance of improving the local pathology diagnosis. The
additional information on tissue quality and diagnosis that HTMCP and BLGSP provide
can save a patient’s life and hopefully have a longer-term impact on what standard of
care should look like for cancer care in Uganda. Overall, it has been rewarding to see
these studies impact early diagnosis and cancer care here in the community.

Constance: My personal goal is to be a resource for cancer care by sharing my work
experiences with the health care providers to help with the diagnostic process.
Specifically, | would like to help improve early diagnosis by increasing
communication between potential patients and health care workers, so that patients
can be diagnosed and treated before their disease develops into late stage cancer. |
believe this strategy has the potential to save many lives in Uganda.
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